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METHOD OF MANUFACTURING A 
NICKEL-BASE ALLOY WELDING FILLER METAL 

[0001] This invention relates to the manufacture of welding filler metal made of a 
nickel-base alloy and used in welding procedures and, in particular, to an economical 
manufacturing process. 

BACKGROUND OF THE INVENTION 

[0002] In-one type of welding, two or more pieces of metal are heated to their melting 
points and fused together. Optionally, additional molten metal may be added from a 
welding filler metal (also sometimes termed "weld rod" or "weld wire" in the art). In 
another type of welding, the filler metal is melted and applied to a face of a substrate lo 
build up the substrate. This second type of welding is used to repair substrates that have 
become thinned or damaged during service, or to apply a special facing to the substrate 
such as a hard facing or an environmentally resistant buildup. In either type of welding, 
the weldmg filler metal is melted and fed into the melted region. "Welding filler metai" 
may be of discrete lengths, which are typically used in manual welding operations, or it 
may be of continuous lengths used in automated welding machines. 

[0003] A wide variety of methods are used to manufacture welding filler metal, with 
drawing or rolling being favored for ductile metals such as steels. The methods that may 
be used to manufacture welding filler metal of nickel-base superalloys are limited by the 
inability of most superalloys to be drawn, rolled, or swaged. Powder techniques are also 
of limited use, as they are expensive and may lead to a final product of insufficient 
ductility to be useful. 

[0004] Instead, in conventional commercial practice the nickel-base superalloy to be 
made into a welding filler metal is cast into a rod about I inch in diameter. A number of 
these rods are sealed into an extrusion can and thereafter extruded to about 1/4-inch 
diameter. The i/4-inch diameter rods are de-canned, cut to length, sealed into another 
extrusion can, and extruded a second time to about 0.06 inch diameter. This approach 
is acceptable technically, but it leads to a high cost of the superalloy welding filler metal. 
About 30 percent or more of the length of each extrusion is lost due to front-end and tail- 
end extrusion loss, so that the yield of usable welding filler metal from the double- 
extrusion process is typically less than 50 percent, and often about 25 percent or less, of 
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of no more than about 50°F, and investment casting the nickel-base alloy into a mold 
having a grain refiner adherent to an inner surface of a wall of the mold. 

[0010] If the cast extmsion rod has fewer grains than specified, it is likely that during 
the single extrusion operation at least some location along the length of the extrusion rod 
will have a grain whose crystallographic orientation is unfavorable for extrusion. That is, 
there will be a "bulge" at the location of the unfavorably oriented grain, so that the 
extruded rod is not uniformly reduced at that location but remains somewhat enlarged 
while regions on either side along the length of the rod are fully reduced. Because usually 
a large number (typically about 200) of the extrusion rods are bundled together and 
extruded at once, some of the neighboring extrusion rods will be of reduced cross- 
sectional area to accommodate the bulge. Consequently, a large number of the extruded 
welding filler metal rods will have a defect that must be cut out, shortening the effective 
length of each good section of welding filler metal, increasing the number of joints that 
are required along the length of the welding filler metal, and increasing the per-pound 
cost of the final product. The present approach, by starting with a relatively large number 
of grains in the cast extrusion rod, reduces the chances of such an occurrence. The 
oresent approach thus produces welding filler metal of significandy reduced cost, because 
Ihe yield of final product as a fraction of the starting weight of material is increased. 

[0011] Other features and advantages of the present invention will be apparent from 
the following more detailed description of the preferred embodiment, taken m,. 
conjunction with the accompanying drawings, which illustrate, by way of example, the • 
principles of the invention. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] Figure 1 is a block diagram of a prior approach for preparing welding filler 
metal of nickel-base superalloys; 

[0013] Figure 2 is a block diagram of the present approach for preparing welding 
filler metal of nickel-base superalloys; 

[0014] Figure 3 is a perspective view of an extrusion rod prepared by the approach 
of Figure 2; 

[0015] Figure 4 is an enlarged cross-sectional view of the extrusion rod of Figure 3, 
taken on line 4-4; 



13DV 14047 



m 



,00161 Figu« 5 is a sche™a,ic view of a casting ™.d for p«pah„g — rod; 
,0017, Figure 6 ,s a schematic ct^ss-sectional vtew of an extrusion assembly of the 
ext J,on rods of Figure 3, but after the single extrusion ba., been completed. 

DETAILED DESCRIPTION OF THE INVENTION 

,00181 Ftgure 1 depicts a prior app^ach for pteparing welding filler metal of a 
rLesuVanoyLstandardsi.eofahout0.05toahout.O.^^^^^^^^ 
„„e-ihchrou„dbarofthenictel-basesupe,.lloy,scasMumeral O Ttasta^«n. 

,0 about 1/4 inch diameter in a first extrusion operation, numeral .2. In perforrntng th, 
on anumheroftheone-inchdiameterbars^bundledtogethertnstdeasteel 

Tt^ -on an' wh.ch ,s weld^ shut. The extrusion can and the contained bars are 
r:iwitha„a.ea,extrusionradoofabou.ia..Merex.™sion,the..,s.^^^^^^ 

fromtheresu.t,ngl/4incbd,ame«rr«,s. '^"^^'^'^"^'■^'ZZIZZ 
.neb diameter rods are tepacKaged in another steel exttrtston - "^^^^^ ^ 
numeral 24 wtth an extrusion ratio such that the rods are about 0.05-0.06 mch 
:Zt L subsequent remo.a, from the ext^sion can. Bach extrusion process h 
rrLsofunusaLmateHala.thef,.ntendand,hetailendoftheextrus,ontotahn . 

tZ ^p^tcent Of the weigh. Of the matenal introduced tnto the n^spe^h^^^^^^^ 
process. In comme.,a, practice the net process yield .s typtca y ^^ '^^^^TZl 
of the total weight that is ftm cast ,n step 20, and ma, be even lower. ^■^"'^^'^'2 ■ 
rCmlnal cost, and this low yield of good wel*g filler metal results m a net cost 
of as much as $700 per pound of usable welding filler metal. 

,„01„ By contrast, Figu^Zillustrates the present approach. An*l-base*y 
!^ erably a niCel-base superalloy, is provtded and cast into an extrusron rod m«a 
M For the pt^sent illustratton of the mvention, the prefen^d d,mens,ons of a 1/4 n 
t Jeter extLion rod and a 0.06 tnch diameter welding filler meta - -^.^-^ 
r r"Wpldin2 filler metal" is also sometimes termed weld rod 

::::r:ter, — 

I r hTm re n,*el present than any other element. The nicRel-base superalloys^ 



1 8 percent Ae™-^"^ 

about 1.1V .^bout 0.004 pe ^^^,,^1 comy 

,Tperce« al"™-"' a.o,«nal U "-olvWe™"' 

are presented only as ^ 



13DV 14047 



welding filler metal. 



WCIUIU5 11"^* 

„ *e or ex™.o. « ^ ^^^^^ „ „e 

insufficient reduction in area upon °" ' .^ieall, mote than 

, „a.etcr of ti-e extrusion r^ 40 is .ore ^ ^ ,„sses. The 

3,„„,03,nch,,tcannotheex™.^— y^^^^^^ 

„4-i,ch diameter extruston ™d mustha e a ^^^^,,„j 
-e,.ss.sec.,on,.asi!!«a5^'"J'I^L-ti<^^^=^^ 
. Pt,u„ 4 is an : 

Sna-ric:— ^^^^ 

.npre,,minar.stud.es,ead,.to^.s.. — 

so,ne.gionsa1o„,the,en^hoftheext™s,onr^d^^^^^^^^^ 
-resuittsanext^ston^.^^^^^^^ 

unfavorable grain onentatton. Because a g^^^^ ^ ^ ^ ^ „,„ 

together in tlte extrusion can, a correspon g ^^^^^^ ^^^^^^.^^^ „ 

^foundintheneighbonngextrude wei tn tU -^^^ 
„,uchmo,.easi,,conduct»i»henthe«e,^*- ^^^^^ 

such detects can intertete with *e weldtng ^ « ■ T ^ 
ffliertnetaimay^cutoutandtheno.^-^.^^^ 

fashion, but that tepair is costly. Thus, the pres» PP ^ so as to avoid such 
about i2 grains in the 1/4-inch dtameter as-cast extruston 

defects. 

K , ,1 trains in the cross section of the 1/4 inch round 
[00231 To obtain at least about 12 gratns th ^ ^^^^^ 

Litis p.fen^.o,ncludetw„sp.if.ce.u^^i^^|^^^^^^^ 
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.be difference ...ween the tnolten the Lperature « which, upon 

„„perature of the alloy. ^ "'-^ ^^^rformation of solid metal ,s fnst 
cooling the alloy from the molten state. 
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thermodynamically favored. The liquidus temperature for most alloys is available fn)m 
its equilibrium phase diagram. If the superheat is greater than about 50T, there is a 
tendency to fonn a small number of large grains, rather than a large number of small 

grains. 

[0024] The second feature is that the casting mold 44, shown in Figure 5, is provided 
with a grain refiner 46 on the inner surface 48 of the mold wall 50. In Figure 5, the grain 
refiner 46 is schematically indicated as a series of small dots, and in practice the gra.n 
refiner 46 is typically a plurality of small particles such as cobalt oxide adhered to the 
inner surface 48 of the mold wall 50. These small particles of grain refiner 46 provide 
a large number of nucleation sites at which grains may nucleate. The combination of the 
n^superhwand the presence of-the gFain^^^^^ 
least about 12 grains in the 1/4-inch diameter cross section of the as-cast extrusion rod 
40. The grain refiner normally remains on the external surface of the rods and is removed 
with the ceramic shell during post-casting cleanup. 

[0025] The extrusion rod 40 is extruded, in a single extrusion operation, to a diameter 
of less than about 0.1 inch and with an areal extrusion ratio of at least about 9:1, and 
preferably from about 9:1 to about 25:1, numeral 32 of Figure 2. (The areal extrusion 
.atio is the ratio of the cross-sectional area of the rods prior to extrusion to the cross- 
sectional area of the rods after extrusion. Again, the rods may not be perfectly round m 
cross section, but that is acceptable.) If the ai.al extrusion ratio is less than about 9: 1 , the 
desired final structure of the welding filler metal is not obtained. In the pr^fened case 
the 1/4-inch diameter extrusion rod 40 is extnided to about 0.05 to about 0.06 inch 
diameter welding filler metal 52, illustrated in Figure 6. To accomplish this single 
extnision, a number of the extrusion rods 40 (typically about 200) are packed into an 
extrusion can 54. typically made of steel. The extrusion can is welded shut, heated to an 
extrusion temperature which for nickel-base superalloys is about 2200°F, and extruded 
using a large extrusion press with the desired extrusion ratio. 

[0026] Although particular embodiments of the invention have been described in 
detail for puiposes of illustration, various modifications and enhancements may be made 
without departing from the spirit and scope of the invention. Accordingly, the invention 
is not to be limited except as by the appended claims. 
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